When considering the issue of recurrence, perimenopausal women may have more dilemma during management comparing with young women, for example, whether to retain the uterus and ovary during surgery, whether it is necessary to add adjuvant medicine treatment after operation, and there is no evidence for reference about using of gonadotropin-releasing hormone agonist. This study aimed to study the risk factors for the recurrence of ovarian endometriosis (EM) in patients aged 45 and over. Methods: This is a retrospective nested case-control study. We reviewed the medical records of patients aged over 45 years who underwent surgical treatments for ovarian EM from 1994 to 2014, in Peking Union Medical College Hospital of Chinese Academy of Medical Sciences. By following up to January 2016, 45 patients were found to have relapses and regarded as the recurrence group. The patients with no recurrence during the same follow-up period were randomly selected by the ratio of 1:4 as the nonrecurrence group (180 patients in total). Stratified Cox regression was used to analyze the risk factors of the recurrence. Results: Univariate analysis showed that there was a significant difference in the postoperative treatment (the percentage of patients who received postoperative treatment in non-recurrence group and recurrence group, 23.9% vs. 40.0%, χ 2 = 4.729, P = 0.030) and ovarian preservation (the percentage of patients who received surgery of ovarian preservation in non-recurrence group and recurrence group, 25.0 % vs. 44.4%, χ 2 = 19.462, P < 0.001) between the nonrecurrence group and the recurrence group. There was no correlation between recurrence and the following factors including patient's age, menarche age, gravidity, parity, CA125 level, ovarian lesions, menopausal status, combined benign gynecological conditions (such as myoma and adenomyoma) and endometrial abnormalities, and surgical approach or surgical staging (all P > 0.05). Multivariate analysis indicated that whether to retain the ovary was the only independent risk factor of recurrence for patients aged 45 years and over with ovarian EM (odds ratio: 5.594, 95% confidence interval: 1.919-16.310, P = 0.002). Conclusion: Ovarian preservation might be the only independent risk factor of recurrence for patients aged 45 years and over with ovarian EM. This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
IntroductIon
Endometriosis (EM) is one of the most common benign gynecological diseases. It has high incidence and high recurrence rate after treatment. The recurrence rate has been reported to be 2% to 47% in China and abroad, whereas about 33% of the patients would receive a second operation. [1] Recurrence is one of the difficulties in the clinical management of EM. The mechanism of recurrence is not fully understood and is generally believed to be the followings: [2] (1) the lesion is not removed cleanly, leading to the recurrence from the residual lesion and (2) eutopic endometrium is the key factor in the onset of EM. Despite the complete surgical removal of the EM lesion, the retrograde menstruation will bring debris of eutopic endometrium into the pelvic cavity again and cause the recurrence. [2] By far there is no consensus on the high-risk factors for the recurrence of EM, the measures taken to reduce the recurrence rate at the beginning of treatment or the proposed management plan after recurrence. In addition, relatively few studies have reported the recurrence of EM in perimenopausal women. However, compared with young women, perimenopausal women may have more dilemma during management, for example, whether to retain the uterus and ovary during surgery, and whether it is necessary to add adjuvant medicine treatment after operation when considering women elder than 40 years, to whom the use of oral contraceptives is not recommended any more, and there is no evidence for reference about using of gonadotropin-releasing hormone agonist (GnRHa). The study of related factors of postoperative recurrence of perimenopausal women with EM would help to provide some reference for making the strategy of surgery and postoperative adjuvant treatment. In this study, based on the medical records in our clinical center, we retrospectively analyzed the related risk factors of recurrence in patients aged 45 years and over with ovarian EM.
Methods

Ethical approval
This retrospective study was approved by the Institutional Review Board of Peking Union Medical College Hospital (No. S-k332).
Study samples
We searched the database in our center for patients who received surgical treatments in the Department of Obstetrics and Gynecology at Peking Union Medical College Hospital between December 1994 and December 2014. Inclusion criteria were (1) postoperative histopathological diagnosis of ovarian EM; (2) aged 45 years and over at the time of surgery; and (3) the clinical and pathological data were complete. Exclusive criteria were the combination of malignant or borderline tumors.
Study design
The clinic visiting was undertaken for follow-up; the endpoint of this study was until January 2016. Among 1008 patients in total, 45 were found to have a recurrence of EM and defined as the recurrence group. The patients with no recurrence during the same operation and follow-up period were randomly selected by the ratio of 1:4 as the control group, respectively. By classified random sampling and match, a total of 180 patients were defined as the nonrecurrence group, as seen in Table 1 . This is a retrospective nested case-control study. The following clinical data were obtained: (1) demographic characteristics such as patient's age, menarche age, menopausal status, gravidity, and parity; (2) chief complaints such as pelvic mass, dysmenorrhea, chronic pelvic pain, and abnormal menstruation; (3) preoperative serum CA125 level within 1 month before surgery; (4) surgical approach such as laparoscopic or open surgery (without conversions to open operation happened); (5) surgical procedure: fertility preservation (to keep the uterus and at least one side of the ovary), ovarian function preservation (hysterectomy, to retain at least one side of the ovary), uterus preservation (bilateral variectomy), radical surgery (hysterectomy and bilateral adnexectomy); (6) lesion size (maximum diameter, cm); (7) combined benign gynecological diseases such as myoma and adenomyoma; (8) coexisting endometrial abnormality; (9) postoperative medication; (10) disease stage classified according to the revised American Fertility Society (rAFS) classification system (1996); [3] (11) recurrence during postoperative follow-up. A retrospective analysis was carried out to study the potential risk factors of the recurrent EM.
Definition of recurrence
The distinguishing between uncontrolled EM and recurrence is difficult to define. This study adopted the currently widely accepted diagnostic standard for recurrent EM: 3 months after the surgery or the combination treatment of surgery and medication; recurrence is considered if the patient meets at least two of the following criteria: (1) the symptoms recur, (2) adnexal mass reappears, (3) the serum CA125 level is higher than normal, and (4) ultrasound findings accord to recurrence of EM based on the criteria proposed by Kupfer et al. [4] 
Statistical methods
Statistical analysis was performed using SPSS22.0 software (SPSS Inc., Chicago, IL, USA). The random digital generator was applied in the stratified random sampling. The measurement data in accordance with a normal distribution (expressed by mean and standard deviation) were analyzed by independent t-test. The measurement data not in accordance with a normal distribution (expressed by median and interquartile range [IQR]) were analyzed by nonparametric U-test. Numeration data (expressed by rate) were analyzed by Chi-square test or Fisher's test. The stratified Cox regression model was performed in the univariate analysis. The variables of statistically significant difference in the univariate analysis were then introduced into the multivariate analysis. P < 0.05 was accepted as the degree of statistical significance.
results
General clinical characteristics
Among all 1008 patients with ovarian EM, 80.6% were followed up for a median duration of 3 months (IQR: 3-12 months; range from 1 month to 17 years) after the operation, and 62.0% patients were followed up for >3 months. In the 45 cases of recurrence, the median recurrence interval was 12 months (IQR: 6-24 months, range: 3-60 months). The cumulative recurrence rate was 10.0% in 1 year and 27.0% in 5 years after the operation.
There were statistically significant differences in the postoperative treatment (the percentage of patients who received postoperative treatment in non-recurrence group and recurrence group, 23.9% vs. 40.0%, χ 2 = 4.729, P = 0.030) and ovarian preservation (the percentage of patients who received surgery of ovarian preservation in nonrecurrence group and recurrence group, 25.0 % vs. 44.4%, χ 2 = 19.462, P < 0.001) between the recurrence group and the nonrecurrence group. There was no statistically significant difference (P > 0.05) between the two groups in patient's age, menarche age, gravidity, parity, CA125 level, ovarian lesions, menopausal status, combined benign gynecological conditions (such as myoma and adenomyoma) and endometrial abnormalities, and surgical approach or surgical staging, as seen in Table 2 . In addition, 1 out of 4 patients who were treated with hormone replacement therapy (HRT) after the radical operation showed recurrence.
Univariate analysis
The Cox regression model was performed in the univariate analysis of risk factors for the postoperative recurrence of ovarian EM in patients aged 45 years and over. The results showed that recurrence was correlated with the postoperative treatment and the preservation of the ovary (P < 0.05). However, the recurrence was unrelated to patient's age, menopausal status, gravidity, parity, CA125 level, ovarian lesion size, combined benign gynecological conditions, endometrial abnormalities, uterus preservation, and surgical staging [P > 0.05, Table 3 ]. 
Multivariate analysis
Multivariate analysis was performed by logistic regression analysis to assess the independent risk factors of ovarian EM recurrence after surgery in patients aged 45 years and over. The results showed that ovarian preservation was the independent risk factor of postoperative recurrence (odds ratio 
dIscussIon
Currently reported recurrence rate of EM includes cumulative recurrence rate and simple recurrence rate (number of recurrence/initial number of patients). In this study, we adopted the cumulative recurrence rate. The boundaries between uncontrolled EM and recurrence are difficult to define. As a result, the recurrence rate reported in the literature varies significantly from 6% to 67% due to different follow-up duration and diagnostic criteria. [5, 6] The recurrence rate of EM was reported to be 20.5-53.5% in the 3-5 years after the operation, while the recurrence rate of other manifestations such as ovarian mass and increased serum CA125 level was 9-28%. Moreover, 24% of the patients with recurrent EM had no symptoms. [1] Due to the various manifestations, the diagnosis of recurrent EM is relatively difficult to make. In addition, the rate of patient's lost-to-follow-up tends to be relatively high in EM because it is a benign gynecological disease. About 40% of the total 1008 patients in our clinical center were followed up for <3 months, so the actual recurrence rate may be greater than the current report. In a study by Tobiume et al., [7] rAFS score was an independent factor associated with recurrence. Chon et al. [8] reported that dysmenorrhea and ovarian cyst septations significantly affected the postoperative recurrence rate. Selcuk et al. [9] reported that the depth of penetration of the endometrial tissue into the ovarian cyst wall was the independent risk factor for recurrence. Guzel et al. [10] reported that CA125 level, ovarian cyst size, and past history of pelvic surgery would affect the recurrence rate. However, it is difficult to compare the results of the above studies due to the differences in the study population, follow-up duration, and definition of recurrence.
Our study is a retrospective nested case-control study to assess the risk factors for the recurrence of ovarian EM in patients aged 45 and over. We divided the potential risk factors into two major categories of discussion, which were patient-related factors and surgery or treatment-related factors (including surgical approach, surgical procedure, and postoperative treatments). Our study showed no significant association between recurrence rate and the patient-related factors such as patient's age, menopausal status, menarche age, gravidity, parity, preoperative serum CA125 level, maximum cyst diameter, combined benign gynecological conditions (such as myoma and adenomyoma), combined endometrial abnormalities, or surgical staging (rAFS score). On the other hand, multivariate analysis showed that ovarian preservation procedure was the independent risk factor, while none of other surgery-related factors were found to be associated with the postoperative recurrence rate.
Previous reports have shown that age and menopausal status are related to recurrent EM, but the conclusions are different from each other due to the differences in the age distribution, age group, and fertility status of the study populations. It is widely believed that EM is a hormone-dependent disease. If the patients are young, far from menopausal status, and have high estrogen level, they are more likely to undergo the conservative surgical procedures, leading to greater likelihood of residual lesions and higher risk of recurrence. Seo et al. [11] reported that, in a follow-up of 29 months on average with no postoperative medical treatment, the cumulative recurrence rate was 43.3% in patients aged 20-29 years, 22.5% in patients aged 30-39 years, and 10.2% in the 40-45 years' age group. In our study, the cumulative recurrence rate of patients aged over 45 was 5.0%, 10.0%, and 23.0%, respectively, after the follow-up of 6 months, 1 year, and 4 years, which were consistent with the previous literature. In this study, there was no statistical difference in patient's age between the recurrence group and the nonrecurrence group. Moreover, patient's menopausal status did not have a significant effect on the recurrence rate, which may be related to the decline in the hormone level in perimenopausal patients in this study.
Previous studies reported that the cumulative recurrence rates of conservative surgery, semi-radical surgery, and radical surgery were 28.9%, 17.3%, and 0%, respectively. [12] The proportions of patients in our study who showed recurrence and underwent fertility preservation surgery, ovarian preservation surgery, uterus preservation surgery, and radical surgery were 44.4%, 44.4%, 0%, and 11.1%, respectively. Rizk et al. [13] reported that patients who underwent hysterectomy due to EM had a recurrence rate of up to 60% if the ovaries were retained; in addition, the recurrence of pain would increase by 6 times, and the chance of a second operation would increase by 8 times in those patients as well. In recent years, an increasing number of patients expect to retain the ovaries and uterus. At the same time, doctors pay more attention to the preservation of the reproductive organs in perimenopausal patients. Univariate and multivariate analysis showed that the ovarian preservation surgery was an independent risk factor for recurrence in patients with ovarian EM (≥45 years old). Our results also showed the recurrence rates of bilateral ovariectomy, unilateral ovarian preservation, and bilateral ovarian preservation surgeries were 5.8%, 39.7%, and 19.7%, respectively. There were significant differences between the three groups. By further analyzing the clinical characteristics of the patients with different patterns of ovarian preservation surgeries, we found that, compared with the patients of bilateral ovarian preservation, the patients with unilateral preservation tended to have larger lesions and higher stage (rAFS III-IV), which may be the reason for the higher recurrence rate in this group. Moreover, we also found that women who received uterus preservation surgery were less likely to have postoperative recurrence but with no statistical significance. This result is consistent with Bulletti et al. ' s [14] report that laparoscopic resection combined with endometrial ablation could effectively reduce the chance of recurrence. In this way, it is worthy to explore whether eutopic endometrium had some effects on regeneration of EM lesion specifically for women at perimenopausal status. However, Namnoum et al. [15] reported a recurrence of 10% of all patients after total hysterectomy and bilateral salpingectomy.
EM occurs more frequently in women of child-bearing age. Due to fertility requirements, most EM patients prefer not to undergo radical surgery. However, the recurrence after the conservative surgery is the main problem in treating refractory EM. As a result, most of these patients are treated with the combination of pre-or post-operative medications. At present, the medications used in the treatment of EM include GnRHa, selective progesterone receptor modulators, selective estrogen receptor modulators, aromatase inhibitors, immunomodulatory, and antiangiogenic agents. There is a Cochrane systematic review [2] for the use of postoperative medication, reporting no evidence in improving the pain relief, though evidence level is not enough in the reported literature. Seo et al. [11] reported no difference in the overall postoperative recurrence rate among the patients who received postoperative medication. For patients of 20-29 years and 30-39 years of age, postoperative treatment was associated with a lower recurrence rate (8.1% vs. 43.3% and 5.4% vs. 22.5%), whereas there was no significant difference in the group of 40-45 years of age (4.5% vs. 10.2%). Although other studies have shown that progesterone and GnRHa can reduce the recurrence rate after surgery, Vercellini et al. [16] reported that postoperative use of GnRHa could only prolong the recurrence interval but could not improve the overall recurrence rate. There is no consensus regarding whether the postoperative danazol could reduce the recurrence rate. [5, 17] Muzii et al. [18] reported that the periodic or continuous use of oral contraceptive pills (OCPs) could significantly reduce the recurrence rate of EM 24 months after surgery. Theoretically, the effect of continuous use of OCP is better than that of periodic administration. There is no consensus regarding whether the levonorgestrel-releasing intrauterine device could reduce the recurrence rate either. [19, 20] Our study showed that postoperative medication was not an independent risk factor for ovarian EM in patients aged 45 years and over, nor did it affect the recurrence in patients who underwent ovarian preservation surgery.
Most studies in China and abroad believe that the recurrent EM is related to its staging, and the recurrence risk of severe cases is significantly higher than that of mild cases. Parazzini et al. [21] reported a 2-year postoperative recurrence rate of 5.7% in patients with rAFS score I-II, compared with 14.3% in patients with score II-IV. However, in this study, no statistical difference was found between patient's rAFS staging in terms of the recurrence. Surgical staging was not shown to be a risk factor in our study, despite the fact that it would influence the choice of surgical procedures. For example, compared with patients with mild symptoms of ovarian EM, perimenopausal patients with severe symptoms were more likely to undergo bilateral ovariectomy in our study (64.0% vs. 43.4%, P = 0.009), which was related to the special clinical decision for patients aged 45 years and over.
In conclusion, the prevention of recurrence is an unresolved problem in the treatment of EM. At present, there is no consensus on the high-risk factors of EM recurrence. Although there are many ways aiming to reduce the recurrence rate, the effect is not satisfactory. This study showed that, for patients aged 45 years and over with ovarian EM, whether to retain the ovary was the only independent risk factor of recurrence, while postoperative medication did not affect the recurrence after the ovarian preservation surgery. However, further prospective case-control studies of larger sample scale are required to validate this conclusion. In addition, the problem of postoperative HRT is also worth further discussion for patients who have undergone surgical resection of bilateral ovaries. 
